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RESEARCH MEMORANDUM 


PRELIMINARY INVESTIGATION OE A NEW TYRE OE 
SUPERSONIC INLET 

By Antonio Ferri and Louis M. Nucci 


SUMMARY 


A supersonic inlet with supersonic deceleration of the flow 
entirely outside of the inlet is considered. A particular arrange- 
ment with fixed geometry having a central body with a circular 
annular intake is analyzed, and it is shown theoretically chat 
this arrangement gives hi gh pressure recovery ..or a lar^e lange of 
Mach number and mass flow and therefore iu - practical for use on 
supersonic airplanes and missiles. For some Mach numbers the dr 3 g 
coefficient for this type of inlet is larger than the drag coeffi- 
cient for the type of inlet with supersonic compression entirely 
inside, but the pressure recovery is larger for all flight condi- 
tions . The differences in drag can be eliminated fer the design 
Mach number. 

Experimental results confirm the results of the theoretical 
analysis and show that pressure recoveries of 95 percent for Mach 
numbers of 1.33 and 1-52, 92 percent for a Mach number of l.?2, 
and 86 percent for a Mach number of 2.10 are possible with the 
configurations considered* 

If the mass flow decreases, the total drag coefficient 
increases gradually and the pressure recovery doe3 not change 
appreciably. 


INTRODUCTION 


The deceleration of air from supersonic to subsonic Mach 
numbers is an important problem that is encountered in the design 
of supersonic ram jets and turbojets. The possibility of the 
practical use of the ram- jet or turbojet systems for airplanes 
depends to a large extent on the high pressure recovery of the 
air inlet. (See reference 1.) 
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An inlet designed so that all the supersonic part of the 
compression was internal was analyzed in reference 2, which showed 
that it is possible to obtain hi L pressure recovery if the Mach 
number corresponds to the design Mach number and the mass flow 
corresponds to the design mass flow. Reference 2 also showed that 
the pressure recovery decreases notably and abruptly if the Mach 
number and the mass flow which must go into the inlet decrease 
from the values fixed for the design conditions. The external 
drag which can be vory small for the design conditions (fig. 1(a)), 
as is shown in reference 1, changes suddenly, also, and becomes 
very large when the Mach number or the mass flow decreases from 
the values fixed for the design conditions because in this case a 
strong shock occurs in front of the inlet (fig. 1(b)). The pres- 
sure recovery also decreases rapidly if the Mach number is increased 
in comparison with the design Mach number. 

The limitation of the starting conditions fixes the maximum 
possible contraction ratio of the diffuser that permits the normal 
shock to enter . A strong shock inevitably occurs inside the dif- 
fuser in the divergent part and limits the maximum obtainable 
pressure recovery. The subsonic losses are also large because the 
strong shock tends to produce separation. 

When the free-stream Mach number is lower than the design 
Mach number and the free-stream Mach number is attained by. 
decreasing speed from a Mach number higher than the design. Mach 
number, two equilibrium conditions are possible and it is 
possible to pass from one condition to the other with an abrupt 
jump of flow characteristics. The reason for this jump, which can 
be dangerous for a supersonic airplane, is as follows: If the 

Mach number is higher than the design Mach number and the strong 
shock is inside the inlet, when the free-stream Mach number 
decreases, the limitation of the starting conditions no longer 
exists became the strong shock has passed the minimum section and 
therefore the contraction ratio can be- smaller than the fixed value 
for starting; the converging part of the diffuser remains super- 
sonic even though the Mach number is lower than the design Mach 
number. This condition is only partially stable, however, and it 
is possible to pass abruptly from this condition to the stable 
condition having a normal shock in front. Wien the internal shock 
is near the minimum section, if the back pressure is increased 
slightly the internal shock jumps outside the inlot and remains 
in this position becauso the contraction ratio of the diffusor is 
too small to permit the shock to go inside again. The passage 
from one equilibrium condition to the other produces abrupt changes 
in the values of mass flow, drag, and pressure recovery, varia- 
tions which increase if the difference between the flight Mach 
number and the starting Mach number increases. 
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These phenomena are characteristic of the diffuser having 
fixed geometry and internal supersonic compression. It is there- 
fore natural to think that letter results can he obtained with 
either variable -geometry diffusers or diffusers with external 
3uper sonic compression. Some work in this direction was started 
at Gottingen and was presented by Oswatitsch and Bohm (refer- 
ences 3 and 4) • Before the Oswatitsch work was known in the 
United States, independent work in this field was begun by 
the NACA using different criteria. Some results of this work are 
summarized in the present report. 

The problem that Oswatitsch had in mind was the design of 
an air inlet for missiles that must operate only at high Mach 
numbers and therefore must have high pressure recovery and low 
drag in this Mach number range. He therefore chose a compromise 
between external and internal compression for his inlet. In his 
compromise the disadvantages of the type of inlet with all internal 
compression were reduced but not eliminated. For his problem, 
however, these disadvantages did not produce any inconveniences. 

In the NACA work the problem was the design of an inlet for a 
supersonic airplane, which requires a large operating range of 
Mach number and continuity of flow phenomena . The range of Mach 
number was lower than the range considered by Oswatitsch. An 
inlet which had all external supersonic compression for the condi- 
tion of optimum pressure recovery was therefore chosen. 

As will be shown in the analysis of this type of inlet, the 
use of all external supersonic compression gives the following 
advantages and disadvantages in comparison with the preceding 
types of inlet: 

(a) The inlet with constant geometry can operate with high 
pressure recovery for a large Mach number range. 


(b) The inlet does not present discontinuities of pressure 
recovery for large variations of maos flow. If the mass flow is 
decreased, the drag increases more gradually and is less than for 
the other known types of inlet and the pressure recovery remains 
high . 


(c) The inlet does not have two stable conditions of equi- 
librium for some range of Mach number. 

(d) The inlet is not sensitive to small variations of angle 
of attack. 

(e) The external drag in general is larger because a stronger 
shock must be produced outside. In a supersonic airplane, however, 
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it is possible to use the external compression produced by some 
parts of the airplane independently of the type of inlet chosen 
or, in other words, it is possible to locate the inlet in a zone 
in which the flow is decelerated by the presence of some part of 
the airplane. In this case the increase in drag due to the 
external compression of the inlet can be reduced. 


SYMBOLS 

M Ma ch number 

p pressure 

m mass flow 

6 c angle of cone of central body 

0 S angle of conical shock 

cowling-position parameter, angle between axis of inlet and 
straight line that connects vertex of cone with lip of 
cowling (see fig. 2) 

Cp external pressure-drag coefficient 

G 

C-p) additive-drag coefficient 

u a 

9 direction of streamline 

Subscripts: 

0 initial stagnation conditions 

1 free-stream conditions 
2, 3 stations 

f final conditions (stagnation conditions after deceleration 

into inlet) 
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THEORETICAL ANALYSIS 

Aerodynamic de sign of the inlet .- An annular circular inlet 
having a central body was considered for the theoretical ^naljsis* 
This arrangement wa 3 chosen because it could he practically used 
in front of the fuselage of supersonic airplanes or missiles and 
“because a complete theoretical analysis of the supersonic part 
of the flow was possible for a circular inlet. For this arrange- 
ment an evaluation of the pressure recovery that can he obtained 
in the supersonic part of the compression and of the external drag 
of the inlet is possible, and hence a comparison with the other 
types of inlet can be made. 

The frontal type of inlet permits the avoiding or reducing 
of the interference between shock and boundary layer which usually 
produces separation, interference which can exist when che^ inlet 
is not of the frontal typo. Because tho aerodynamic principle of 
this inlot does not necessarily involve the use of a circular body, 
it must be possible to apply the same principle and obtain similar 
results with an inlet placed on a noncircular fuselage. The 
practical design becomes much more complicated, however, because 
the phenomena cannot be analyzed theoretically at present. 

The geometrical arrangement analyzed is shorn in figure 2. A 
central body placed in front of tne inlet produces a deceleration 
of the flow so that the flow at tho inlet has a low supersonic or 
high subsonic speed. The diffuser has a divergent section and 
therefore the deceleration from supersonic Mach number to subsonic 
Mach number must occur with a strong shock. When the pressure at 
the end of the diffuser corresponds to the optimum condition, the 
strong shock is at the lip of the inlet. 

The diffusion losses can be divided into two parts, the losses 
for decelerating the flow from supersonic to subsonic Mach numbers 
and the subsonic losses. The supersonic losses depend principally on 
tho losses across the shock waves while tho subsonic losses depend on 
friction and separation. For flight Mach numbers of the order of 1*3 
to 2.0 the kinetic energy of the flow at subsonic Mach numbers is an 
important part of tho total kinetic energy of tho flow and therefore 
the subsonic diffuser must be considered in the analysis. 

The losses in the supersonic part of the compression depend 
on the losses across the conical shock and the losses across the 
strong shock* The conical compression is very efficient because 
part of the compression behind the conical shock occurs isentropi- 
cally and because the compression occurs before the boundary layer 
is formed on the centra], bodyj thus the increase of pressure does 
not affect the boundary-layer thickness# The shock at the entrance 
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is less efficient because it is a strong shock and tends to produce 
separation of the boundary layer, thus decreasing the subsonic 
efficiency. For this reason the conical compression considered is 
always a large part of the supersonic compression; therefore, large 
cone angles are considered. 

Theoretically it is possible to obtain compression in front 
of the inlet more gradually and thus to reduce or eliminate the 
losses of the conical compress-ion. In this case, however, the 
boundary layer at the surface of the central body undergoes a 
strong unfavorable pressure gradient, and the central body must 
be much longer to avoid large external drag and to have the envelope 
of the compression waves near the lip of the cowling. This condi- 
tion is necessary to avoid high drag, as will be explained later. 

The phenomena in the boundary layer corresponding to the strong 
shock, for the preceding reasons, become more critical and the 
subsonic efficiency can decrease notably. With a body designed for 
gradual compression, it also becomes difficult to avoid detached 
shocks of Mach numbers lower than the design Mach number- For 
this reason large increases of pressure recovery cannot be expected 
in the Mach number range considered by using gradual frontal com- 
pression and low-drag design. Thus, this typo of compression is 
not considered in this preliminary investigation. 

In order to define the geometry of the inlet it is necessary- 
to fix the cone angle and the shape and location of the cowling. 

The cone angle must be fixed in such a way as to obtain high 
pressure recovery, and the position and shape of the cowling must 
be fixed in such a way as to reduce the external drag. 

The conical shock produced by the cone extends beyond the 
radius of the stream tube which enters the inlet and therefore 
produces an increase of entropy in the external flow, thus 
generating external drag. The stream tube which enters the inlet 
can be determined on trie basis of cone theory (references 5 and 6 ) } 
thus the streamline A3 (fig. £) which divides the external flow 
from the internal flow can be determined. If the conical shock 
is far from the lip of the cowling, the diameter of the stream 
tube AA of the undisturbed flow is loss than the diameter 3B at 
the lip and, because the pressure along the surface AB is greater 
than the free-stream pressure, the resultant of the pressure 
along AB gives a force that does not exist for the type of inlet 
with internal supersonic compression. If the impulse -momentum law 
is applied to the stream tube which enters tho inlet, this force 
results a3 an additive drag that exists for the inlet with external 
supersonic compression and docs not appear in tho consideration of 
pressure recovery. The existence of tlie additive drag can be 
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visualized if the cowling is considered to he extended along stream 
tube AB. In this case the aerodynamic phenomena Inside and outside 
the inlet do not change and are similar to the phenomena for an 
inlet with internal compression, hut the pressure along AB gives 
a force that corresponds to additive drag. This drag is a func- 
tion of the difference in diameter between AA and BB and becomes 
zero when the lip is at points A. In this case the condition 
of the inlet is analogous to that of the inlet with internal com- 
pression and tills drag disappears. 

For a given cone the lip of the cowling can have many posi- 
tions that can he defined by the angle By which is the angle 

formed by a line from the vertex of the cone to the lip of the 
cowling and the cone aids • In order to decrease the additive drag 
the angle 6-^ must he the maximum possible. With external super- 
sonic compression, thus the value of 0^ considered for the inlet 
must be very near to the value of the angle of the conical shock 9 s 
at the maximum Mach number considered. 

The external direction of the cowling at the lip must be 
chosen in such a way as to avoid other external shocks which would 
increase the external drag, therefore, the external direction should 
be tangent to the streamline • The internal part of the cowling must 
be designed in such a way as to avoid a detached shock at the lip 
for the Mach number range considered because a detached shock also 
extends outside of tho cowling; therefore, the direction must be 
approximately tangent to tho streamline end tho lip of the cowling 
must be sharp with the minimum possible angle, at tlxe edge of the 
lip. 

The flow conditions at different Mach numbers end for dif- 
ferent mass -flow conditions . - If the diffuser is designed for the 
maximum operating Mach number, when the Mach number is reduced the 
conical shock angle Increases and the shock at the lip becomes les3 
intense. Because the length of the streamline between the shock 
and the lip increases, the additive-drag coefficient increases. 

The additive internal dreg and the maximum pressure recovery that 
can be obtained for a fixed- geometry inlet and therefore for given 
values of & c and 6 ^ can be determined analytically. Some 

results of tho calculations are shown in figures 3. to 5* In 
figure 3 the additive internal drag coefficient is calculated for 
two values of 0 c and for different Mach numbers as a function 

of 02 * The reference surface usod for calculating the drag coef- 
ficient was tho maximum cross-sectional area of the inlet which 
corresponds to 1.515 times the diameter of tho froe-stream tube 
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vhich enters the inlet at a Mach number of I.65 (the Mach number 
at the end of the diffuser •was of the order of 0.24) . In figure 4 
tile values of the angle of the shock as a function of the stream 
Mach number for different cones is shown. 

As is shown in figure 3 the additive -drag coefficient increases 
if the Mach number decreases from the value of the Mach number 
corresponding to the design conditions, if the cone angle increases, 
and if the value of Qj decreases. 

The theoretical maximum pressure recovery that can be obtained 
is shown in figure 5 * The values are determined on the assumption 
that no friction or separation losses exist. For comparison, 
analogous values determined in reference 2 for an inlet with 
internal compression aro shown. The pressure recovery decreases if 
the cone angle decreases, end decreases slightly if the value of G-j 

increases (other conditions remaining the same) because the Mach 
number at the lip of the cowling (points 3 of fig. 2) increases and 
therefore the average Mach number at the intake increases. The 
variation of the supersonic pressure recovery is gradual and for 
all Mach numbers is higher than the corresponding values for the 
inlet with internal compression. For Mach numbers of the order 
of 2 the differences can be of the order of 15 percont. 

If the subsonic losses are considered, the value of the pres- 
sure recovery must decrease notably. The differences must be 
larger for higher Mach numbers and for smaller cone angles, because 
the Mach number at the surface of the cone increases if the free- 
stream Mach number increases and if Q q decreases; thus the shock 

at the entrance becomes stronger and the separation can be more 
severe. In -figure 6 the Mach number on the cone surface is given 
for different cone angles as a function of the free-stream Mach 
number. It can be expected that the subsonic looses for the inlet 
with the central body will be of the same order. as the losses for 
the inlet with internal compression: for the inlet with the 

central tody the wetted surfaces are larger and the subsonic com- 
pression is much stronger (beginning with higher Mach numbers) 
but the shock and the- corresponding pressure gradient at tho 
beginning of the subsonic diffusor are much weaker; therefore, 
differences of the same order as the theoretical values can be 
expected practically. 

As the Mach number changes, the direction of the streamline 
at the lip of the cowling remains practically constant and there- 
fore no important shocks or expansions occur at the lip when the 
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Mach number changes. Figure 7 shows the direction of the stream- 
line cp as a function of Gj for different Mach numbers and cone 

angles G c . 

When the flight Mach number decreases, the maximum diameter 
of the free-stream tube which can go into the inlet decreases and 
the amount of the variation of the diameter increases when the cone 
angle increases. In the type of inlet with internal supersonic 
compression the diameter remains constant when the Mach number 
increases in comparison with the starting Mach number and decreases 
if the Mach number decreases in comparison with this value. In 
figure 8 the maximum diameter of the free-stream tube corresponding 
to the internal flow is given as a function of the free-stream 
Mach number and the cone angle. The values for the inlet with internal 
compression are also shown. 

The maximum mass flow which enters the inlet with a central 
body for a given Mach number and altitude cannot be increased 
without changing the geometry of the inlet, but it can be decreased 
with less increase of drag than for an inlot with internal com- 
pression and without any change of pressure recovery. The varia- 
tion of the mass flow for the inlet with external compression is 
similar to that of the inlet with internal compression at lower 
Mach numbers. If the pressure at the end of the diffuser is 
increased, the normal shock is pushed outside the inlet and the 
dimensions of the free-stream tube which enters the inlet decrease. 

(See fig. 9.) When the strong shock moves outside, the pressure 
recovery does not change appreciably because the variation of Mach 
number in front of the shock and therefore the variation of the 
intensity of the shock is very small. The strong shock also 
extends outside, but the intensity is small and therefore the 
variation of external drag is small and of different order than 
for the type of inlet with internal compression • If the variation 
of mass flow occurs at low Mach numbers and the flow at the 
entrance is subsonic, the variation of the maos flow must cause 
the shape of the conical 3hock to change, thus increasing the 
curvature gradually. 

If the angle of attack of the inlet is changed slightly, the 
pressure recovery and the external drag cannot change appreciably 
because the conical-flow phenomena are not very sensitive to small 
variations of angle of attack. The intensity of the shock must 
increase on the side in which the deviation of tho stream produced 
by the cone increases and must decrease on the opposite side; 
therefore, the pressure recovery must not change although the 
external drag must increase slightly. 
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The external drag .- In order to have a complete analysis of 
the problem, an estimate of the external drag of the inlet vith 
external compression must he made . Because the shock produced by 
the cone is strong, the increase of pressure on the external lip 
of the cowling is large and therefore gives the impression that 
the external drag must also be very large. In order to make a 
comparison and to obtain some criteria for designing the external 
part of the inlet, the pressure distribution was determined for 
different external lip shapes for values of 0 -^ of 42° and 46° at 

a Mach number of 1.65 for a 30° cone. The calculations were made 
by use of the- characteristics system described in reference 7 • 

Because it was necessary to know the length and the maximum 
diameter of the inlet to determine its external shape, a possible 
design was made by use of the following data: the Mach number at 

the maximum section was fixed at 0.24; therefore, the ratio, of tho 
maximum diameter to tho diameter of the froe-sti-eam tube was equal 
to 1.515 for a Mach number of I. 65 . The length of the cowling was 
determined on the basis of the internal diffusion and was fixed 
at a value of tho order of 3 diameters . For comparison an inlet 
with internal compression and with the same design conditions was 
analyzed. For every angle two external shapes wore designed. 

(See fig. 10.) All external shapes for the inlet with external 
compression have the same direction as the streamline at the lip 
of the cowling, but the first cowling changes direction gradually 
near the lip and then changes direction rapidly and becomes tangent 
to the cylinder while the second has a strong variation of direc- 
tion (corresponding to tho maximum possible practically) near the 
lip which continues more gradually until the cowling becomes tangent 
to the cylinder at a distance of 2.5 diameters. 

The two designs were fixed on the basis of the following 
aerodynamic criteria. The streamline reached the lip of the 
cowling with high pressure and low velocity and made an angle with 
the free-stream velocity. If it wore possible to produce a devia- 
tion of expansion at the lip equal to the difference in direction 
between the free-stream direction and the direction of the flow 
at the lip, the pressure would doorcase abruptly and become less 
than free-stream pressure because the expansion would occur 
locally with the two-di m ensional law. In this ca3c the pressure 
along the cowling would later increase again but the value would 
remain low and therefore tho external pressure drag of the body 
would be very low. Accordingly the first external shape was 
designed with the idea of producing the maximum possible practical 
expansion of the flow in such a way as to reduce the pressure to 
a low value on tho oxbornal part of the cowling. Tho second shape 
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was designed to have less expansion near the lip and larger expan- 
sion farther 'back and the pressure was calculated in order to determine 
the difference in drag and the importance of producing a large expan- 
sion near the lip. 

The results of the calculations are summarized in the following 
table in which some values for a Mach number of 2 are also indi- 
cated. The data for Mach number 2 have been obtained less exactly 
than the values for Mach number 1.65 but the results have sufficient 
accuracy for the analysis. 


Inlet 

with external compression 

0 = 30°, M = 1.6p 

c 


MD 



e 

OllcipG 

h— • - 1 



0 Z = k 6 ° j 

6 i = ^ 2 ° 

1 

1 

0.033 

0.025 

2 

•073 

.079 

1 

0 c = 30°, M = 2 • 

1 

k 

0 . 029 - 

i . 

1 0 . 02 k 

Inlet with internal compression 

(having 4° inclination) 


Mach 

°D 


number 

c 


1.65 

0 . 0^3 

2.00 

.023 


As is shown in the table, the values of the external drag can 
change appreciably with the external shape. The values of the 
external-drag coefficient change slightly when the value of 0^ 

changes (the frontal area of the cowling increases for the same 
mas3 flow when the value of 0^ increases) but the drag remains 

small and is of the same order of magnitude as for the other type 
of inlet if the design is correct. The variations of external drag 
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corresponding to the variation of 0 ^ are much smaller than the 
corresponding variations of the additive-drag coefficient. 

For the inlets vith external compression it is necessary to 
add to the external drag the additive drag, -which is given in the 
following table: 


Mach 

nimber 

1 

l 

1 

: 

> 

P 

! 

B l * 1(20 

H - 

0 

if\ 

% 

1 

u 

I 

*t = 5 6 ° 

1.65 

2.00 

i 

0.108 

.054 

0.060 

.010 

0 

0 

1 


As is shown in this table, the additive drag is very important; 
therefore, it is necessary to choose the value of 6 ^ , on the basis 

of the maximum flight Mach number, very near to tho value of 0 E . 

The preceding considerations show that for every Mach number 
there exists a value of 0^ equal to the value of 0 S for which 

the additive-drag coefficient i3 zero. It is evident, therefore, 
that the value of the additive drag can be decreased notably at 
Mach numbers lower than the design Mach number without changing the 
value of the pressure recovery if an inlet is used that p erred. ts some 
variation of the value of 0^ by moving the position of the central 

body. 


TEST RESULTS 


Because the theoretical analyst s ha3 shown that very high 
pressure recovery rau3t bo expected with the arrangement considered, 
an experimental investigation was made to check tho results of the 
calculations. The tests were made in an intermittent jet used for 
tests of compressor cascade blades at subsonic Mach numbers, which 
was transformed for these tests into a supersonic jet. The necessity 
of changes and tire scarce air supply that was used simultaneously 
for other experimental installations caused a very long period of 
testing to bo required; therefore, the tests wore concluded long 
after the theoretical analysis was finished. 
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Apparatus and Methods 

In order to investigate experimentally the properties of 
diffusers with external supersonic compression, three models were 
designed for tests in the modified 4-inch cascade tunnel. The 
cascade tunnel was modified in such a way as to permit supersonic 
tests, and two-dimensional supersonic nozzles were constructed 
for obtaining parallel flow in the test chamber. The nozzles were 
made of wood; the surfaces therefore had a degree of roughness and 
some waves were produced from the small wrinkles and porosity on 
the nozzle surfaces. These waves were of small intensity and 
therefore wore not considered to have any effect on the aerodynamic 
phenomena of the inlets. The dimensions of the test chamber were 
about constant for all Mach numbers and were of the order of 4 by 
5 inches. The air supply wa3 obtained from a high pressure tank 
which permitted the obtaining of relatively dry air and, there- 
fore, condensation effects were not important. 

Tests were made at Mach numbers of 1.33, 1*52, 1-72, and 2.10, 
and a different system of tests was used for the different Mach 
numbers. For a Mach number of 1.33 a completely open Jot was used 
and the test-chamber pressure was made larger than atmospheric 
pressure to avoid choking effects • For tests at the higher Mach 
numbers diffusers of different shapes were used to avoid large 
pressure ratios for the start of supersonic flow. Figure 11 shows 
schematic sketches of the installation. 

The models tested had 2-inch diameters at the cylindrical part 
and the Reynolds number of the tests (referred to the outside 
diameter) was of the order of 3*5 x 10° for a Mach number of 2.1 

and increased to 4.5 x 10 " for a Mach number of 1.33* All the 
models were designed in such a way as to maintain the same subsonic 
diffuser shape in order to avoid the introduction of another parameter 
in the analysis, and therefore the models were made with inter- 
changeable cones and cowlings for changing the geometry of the 
supersonic part of the inlet. The supersonic part was designed so 
that the same flow conditions wore maintained in the subsonic 
diffuser for the same te3t Mach number while the same model was 
used for tlio subsonic diffuser and the mass-flow variation system. 

(See fig. 12.) 

The aerodynamic parameters considered for the model designs 
appear in figure 13 , in which a small shock is designed on the 
outside of the lip. The shock is produced by the lip that was 
placed at an angle with respect to the streamline in the tests, as 
will be explained later. In a large-scale model this shock can 
probably be eliminated because the lip can be constructed with a 
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sma Her angle than the model; therefore, the corresponding drag 
can be eliminated in full-scale models. The shock exists in the 
models tested, however, and can be seen in the schlieren photo- 
graphs. (See fig. 14.) 

The internal part of the diffuser was designed to have a 
gradual increase in section from the lip of the cowling to the end 
of the diffuser. The divergency of the stream tube increased at 
the end of the diffuser and was practically zero at the lip of 
the cowling. The long throat at the minimum section was included 
to reduce the separation due to the strong shock and to decrease' 
the effect of disturbances produced in the subsonic port, as is 
shown by Kantrowitz of the Langley Laboratory of the MCA. The 
average angle of divergency of the stream tube is o° (total) . 

For every model and for every Mach number different tests 
were made with different values of back pressure. Tho back pres- 
sure was varied by moving the position of a plug at the exit of 
the diffuser (fig. 12). Several combinations of cones and cowlings 
were tested. The models were designed with the following geo- 
metrical parameters. The first model had a 30° cone angle and 0, 

was 42 ( cone I, cowling I) . The second model had the same cone 

angle but 0 Z was 46° (cone II, cowling II) . The third model 

had a 25 cone angle and 0^ was chosen to correspond to the 
inclination of the shock for. tho 25 0 cone for the same Mach 
number (2.60) for which tho shock is inclined 42° for the 3O 0 
cone; the angle 6 Z was 36.^° (cone III, cowling III). 

Tho cowlings for those three combinations must bo designed 
theoretically to have the direction of the lips parallel to the 
streamlines. Because small-scale models were used, it was not 
possible to keep the angle of the cowling near the lip as small as 
is desired end as must be tho case for a full-scale model. The 
angle was therefore placed half outside and half inside tho theo- 
retical direction of the stream on tho assumption that the com- 
pression outside can be avoided in a full-scale model. The external 
inclinations of cowlings I, II. and III were 2.1°, 1Q°, and 17.2°, 
respectively, and the internal inclinations were 19 , I7 0 , and 15.2° 
respectively. Cowling III, designed for the 25° cone model, was also 
tested with cone I, and cowling II was tested with cone I to deter- 
mine the sensitivity of the phenomena to small variations of geo- 
metrical parameters . 


Because no drag, measurements were made, the external shape of 
tho cowling was designed in accordance with aerodynamic criteria 
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near the lip only, while in the hack part only constructional 
criteria were considered. 


Results and Discussion 

The values of the pressure recovery obtained for the optimum 
conditions (conditions of strong shock at the lip of the inlet) are 
shown in figure 15 for the different models tested. In figure l6 
the efficiency of the inlet is shown . This efficiency is defined 
by equation (1) of reference 2 as 



( 1 ) 


For comparison the maximum pressure recovery and efficiency obtained 
experimentally for a type of inlet with internal compression as "a 
function of the free-stream Mach number are also shorn. 

The variation of the pressure recovery obtained when the mass 
flow entering the inlet decreases is shown in figure 17 • In this 
figure the pressure recovery is plotted as a. function of the ratio 
of the mass flow considered to the maximum mass flow possible, a 
ratio which is called the relative mass flow. 

*; v /f ; . • ’' r . i . ; ' .. s y .. . . * • • ■ 

In figure 14 some schliercn photographs for different condi- 
tions .of miss flow into the inlet are shown. The schlieren photo- 
graphs show that when the mass flow decreases the phenomena change 
gradually.. .uv. I ' 

The. test results confirm the theoretical predictions and show 
that, with an inlet .with a central body higher pressure recoveries 
can be obtained than with an inlet- with, internal compression. The 
tests also, show that for., a given cone' angle and- for 'a given Mach 
number the pressure recovery changes very slightly if the value 
of changes. It is therefore possible to obtain very high 

pressure recovery for the flight conditions considered, as found 
in the tests, and low drag if the inlet is designed for the Mach 
number considered with a value of Qj very near to the value 

of 6 s to eliminate the additive internal drag. In this ca3e the 

advantage of external compression in increasing the pressure 
recovery is not reduced by a large increase in drag. 
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Schlieren photographs show that when the mass flow is reduced 
the strong shock goes outside of the intake arid moves forward in 
the direction of the conical shock. The conical shock "becomes 
curved, thus showing that the external drag increases "but the 
variation is gradual. For the low Mach numbers, when the flow 
behind the conical shock becomes subsonic, the variation of the 
mass flow changes the shape ef the conical shock which becomes 
curved. 

The efficiency of the inlet with external compression is 
very high and therefore a large increase in the value of the thrust 
coefficient will be obtained using this type of inlet, if the inlet 
is designed so as to reduce the drag to a minimum. 

CONCLUSIONS 


A new type of inlet with all the supersonic part of the 
deceleration outside of the diffuser is analyzed theoretically, 
and it is. shown that this arrangement permits higher pressure 
recovery than an inlet with internal compression. It is shown 
also that the- external supersonic compression can elimina te or 
reduce all the discontinuities of flow characteristics which exist 
for a. type of inlet with internal compression when the flight Mach 
number or the mass flow decreases from the values fixed by the 
design conditions. The maximum mass -flow variation as a function • 
of the free -stream Mach -number is larger than for the inlet with 
internal compression and the law of variation is dependent on the 
angle of the central cone. A design criterion is given for- reducing 
to a minimum the value of the’ dfag produced by the external super- 
sonic compression which can be ; high for some flight conditions. 

Experimental results confirm the values of the theoretical 
analysis and show that it is possible to obtain pressure recoveries 
of the order of 95 percent for Mach numbers from" 1. 33 to i.52, 

9^ percent for a Mach number of the order of 1.^2, and 86 percent 
for a Mach number of the order of 2.10, values which are much 
higher than the corresponding values that can be obtained with an 
inlet with, internal compression. 

Langley Memorial Aeronautical Laboratory 

National Advisory Committee , for Aeronautics 
Langley Field, Va . 
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Figure 14.- Schlieren photographs for the inlet with internal 
compression for different values of relative mass flow. 0„ 
= 42°. 
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